Severe and chronic stress affects the hippocampus, especially during development. However, studies concerning structural alterations of the hippocampus yielded a rather inconsistent picture. Moreover, further anxiety-relevant brain regions , such as the insula, might be implicated in the pathophysiology of posttraumatic stress disorder (PTSD). We combined magn etic resonance (MR) volumetric and spectroscopic analyses of hippocampus and insula in highly traumatized refugees without a history of alcohol/substance abuse or other comorbid diseases. No PTSD-related difference was apparent in the volumes or neurometabolite levels of bilateral hippocampus or insula. However, an association between left hippocampal N-acetyl-aspartate (NAA) and adverse childhood experiences indicated a potential detrimental effect of the early environment on hippocampal integrity. Our results add to increasing evidence that PTSD-related, morphological alterations in the hippocampus are a consequence of early adversity or may result from other factors, such as extensive use of alcohol.
ward et aI., 2006). In order to explain some of these inconsistencies, it has been speculated that potential brain atrophies in PTSD might he 100 subtle 10 he confidently revealed with volumetri c measures (Karl & Werner, 2009) . Accordingly, increasing interest has been directed toward s alternative techniques such as magnetic resonance spectroscopy (MRS), which aims to reveal modified levels of several brain metabolites, for example, N-acetylaspartate (NAA). Still, the finding of PTSD-related reductions in hippocampal NAA/creatine levels (Freeman, Cardwell, Karson, & Komoroski, 1998; Mohanakrishnan Menon, Nasrallah, Lyons, SCOIl, & Liberto, 2003) or absolute NAA concentrations (Schuff et aI., 200 I, 2008) was not confirmed in all studies (Freeman et aI., 2006; Geuze, Vermetten, & Bremner, 2005a) . Accordingly, the method of measurement cannot be the only reason for diverging resu lts within the literature.
Another possible methodological issue that has been discussed as a confounding factor in PTSD-related brain research is the hi gh occurrence of comorbid psychiatri c disorders that are associated with hippocampal volume reductions by them selves-as, for exa mple, borderline personality di sorder (Driessen et aI., 2000) or alcohol abuse (Agartz et aI., 1999; Woodward et aI., 2006) . Accordingly, the frequent incidence particularly of alcohol abuse in many of th e populations under investigation (e.g., Bremner et aI. , 2003; Gilbertson et aI., 2002; Schuff et aI., 2001; Vythilingam et al.. 2005) makes it difficult to unequivocally identify the consequences of traumatization and/or PTSD on hippoca mpal. integrity.
Overall, PTSD-related structural brai n research has so far mainly concentrated on amygdala, hippocampus, and medi al prefrontal cortex. However, it has repeatedly been stated that thi s model cannot entirely account for the complex symptom pattern associated with PTSD (e.g. , Liberzon & Marti s, 2006) . The in sul a, for example, possesses connections to all structures implicated in PTSD (Augustine, 1996) and interacts with them during contextual fear conditioning in humans (A lvarez, Biggs, Chen, Pine, & Grillon, 2008) . Furthermore, an important role of thi s structure in the formation of emot ions (Craig, 2002 (Craig, , 2009 ) and the recalll imagery of emotional conditions (Phan, Wager, Taylor, & LiberlOn, 2002; Rasch et aI., 2009 ) is well known. Thus, it has recently been sugges ted that the in sul a might playa specific role in the development of PTSD symptoms (Liberzon & Marti s, 2006) . Indeed, a stronger functional connectivity between in sula and amygdala was, for example, reported in carriers of a deletion variant of ADRA2B, the gene encoding the a.2b-ad renergic receptor (Rasch et aI., 2009)-a variant that has also been associated with enhanced traumatic memory in survivors of the Rwandan genocide (de Querva in et aI. , 2007) . Moreover, the activity in the insula correlated with the intensity of PTSD-related intrusive memories (Osuch et aI. , 200 I) . Taken together, reports about di sturbed insul a activity in PTSD patients are numerous (Etkin & Wager, 2007; Kolassa et aI. , 2007; Liberzon & Marti s, 2006) . However, it still remains to be clarified whether these functi onal alterati ons are associated with macroscopic structural alterati ons in thi s region as well.
To resolve some of the questions raised above, we combined MR volumetry and MRS in the hippocampus and insul a of highly traumatized refugees with and without PTSD in comparison to non stressed controls. The investigated sample had no hi story of alcohol/substance abuse or other psychiatric di sorders. We expected structural alterations in both brain structures (at least in the neurometabolite levels) that could thus unequivocally be attributed to traumatic stress and/or PTSD. Furthermore, in an attempt to identify relevant factors for these alterations, we associated the brain measures to the exposure to traumati c stressors (in adulthood or childhood) and PTSD symptom severity. Finally, we associated hippocampal brain measures with the performance in a spati al memory task, as we expected hippocampal dysfunction on the behavioral level as well.
Materials and Methods

Setting and Subjects
Subjects were recruited from local shelters fo r asylum seekers and Kurdish recreational fac ilities in Germany. Participants were included if they were male refugees between the ages of 18 to 55 years. Exclusion criteria were (a) psychiatTic condition s other than PTSD or major depression, (b) lifetime alcohol and/or substance abu se or dependence, (c) any severe physical impairment (e.g., neurological di seases), and (d) any contrai ndication for magneti c resonance imag ing (MRI) . Depressive sy mptoms are highly comorbid with PTSD and thus were not exclusion criteria because this would have led to an atypical sample of PTSD patients (O ' Donnell , Creamer, & Patti son, 2004) . Fifty-two refu gees parti cipated in the study. Five subj ects (2 control s and 3 traumatized controls) were excl uded because they aborted the MR scan at the beg inning of the spectroscopy. Participants who completed some but not all spectroscopic scans remained in the analysis for those scans they did complete. Thus, 47 refugees entered the final analysis: 20 participants currently su fferin g from PTSD, 16 traumatized NOles. All tests were two-tailed. As none of the nontmumatized control s experienced any tmumatic event , merely the values of traumatized controls and PTSD patients are depicted . PTSD = posttmumatic stress disorder; CAPS = Clinician Administered PTSD Scale; CAPS Events = s um CAPS event li st; Checklist = vivo Checklist of Organized Viole nce; CAPS-[ = CAPS intrusion subscale; CAPS-A = CAPS avoidance subscale; CAPS-I-\ = CAPS hyperaro usal subsea Ie; CAPS Sum = CAPS s um score; M = mean; SD = standard deviation .
non -PTSD subj ects, and II healthy controls who neve r experienced any traumatic stressor. In three traumatized controls, an earlier PTSD had remitted. The investigation was split: at the first meeting, the purpose and the course of the investi gation were explain ed in detail , informed consent was acq uired, and di agnostic procedures took place. MRI measurements were conducted on a separate day at the University Hospital of Magdeburg. Participants received a compensation of 70 EUR. All procedures were in accordance with the Declarati on of Helsinki and approved by the Ethics Committee of the University of Konstanz, This study population has, in a slight ly different composition, already been described elsewhere (Eckart et aI. , 2011) . Participants' mean age was 36. 1 years in PTSD subj ects (SO = 7 .7,23-55 years), 34. 1 years in traumati zed controls (SO = 10. 1,2 1-53 years) and 30.2 years in controls (SO = 7.0,22-48 years). Groups did not differ significantly in age. Subjects were mainly Kurdish (11 = 43). The remaining participants were Albanian (II = I), Serbian (Il = I), Rom ani (n = I), and Turkish (II. = I). Forty-five parti cipants were right handed and two subj ects (o ne control and one PTSD subj ect) were left handed according to the Edinburgh Handedness Inventory (Oldfield, 197 1) . One subj ect (of the PTSD group) occasionally had taken antidepressant medication (as a hypnotic), Other than that, none of the subj ects consu med any psychoactive dru g or medicati on.
Most of the traumati zed participants had been repeatedly exposed to a variety of severe traumatic stressors, Subjects were between 5 and 32 years of age when they experi enced their first traumatic event (mean age 15.5, SO = 5.9). The two traumatized groups did not differ regarding their age at first traumatic experience. PTSD subjects reported a greater number of different types of traumatic events (see Table I fo r mea n values and standard dev iati ons of clini ca l in struments). Groups differed, as a trend , in the number of adverse childhood experiences as measured with the Chi ldhood Trauma Questi onn aire (CTQ; controls: M = 37 . 18, SO = 4,83; traumatized co ntro ls: M = 38.06, SO = 5.34; PTSD patients: M = 42.65, SO = 8.74; Kruskal -Wallis X 2 (2) = 5.64, p = .06). Post hoc comparisons revea led a trend for a di fference between co ntrol s and PTSD patients (p = . 10) but not between the other groups. Seventeen participants (one in each control group and 15 in th e PTSD group) rulfill ed criteria ror major depression according to DSM-IV (A meri ca n Psychi atri c Association, 1994).
Diagnostic Interviews and Memory Test
Interviews were structured and ad mini stered in the mother tongue of the participants with the aid of train ed interpreters. Initi ally, sociodemographic information was obtained. Subsequently, diagnostic procedures proceeded as follow s.
Adverse childhood experiences were evaluated with the CTQ (Bernstein et a!., 1994) , a retrospective, self-report inventory to examine emotional, physical/sex ual abuse and neglect during childhood (possible range: 34-170). Exposure to traumati c stressors was quantified with a shortened version of the Vivo Checklist of War, Detention and Torture Events (Schauer, Neuner, & Elbert, 2011) , a scale consisting of 28 impriso nment-and war-related traumatic event types (e.g., being beaten, receiving electrical shocks, or experienci ng bombings) (possible range: 0-28). Current and lifetime PTSD sy mptoms were assessed with the Clinician Administered PTSD Scale (CAPS; Blake et a!., 1995), a 30-item, structured interview corresponding to PTSD criteria according to DSM-IV (American Psychiatric Association, 1994) (possible range: 0-136). Diagnosis of major depression, suicidal ideations, and alcohol or substance dependency or abuse according to DSM-IV was based on the corresponding sections of the MiniInternational Neuropsychiatric Interview (M.I.N.I. ; Sheehan et a!., 1998) .
Participants were tested with a nonverbal , culture-independent memory test for the places of objects (MP test; Elbert et a!., 2009). Thereto, up to ten small , familiar objects (e.g., a toy car, a spool, a ball) were placed in front of the subj ect for a memorization phase of 30 s. Afterwards objects were hidden under opaque cups for a del ay period of 2 min. The identical objects and three distracter items were then handed to the parti ci pant, who had to put each object on top of the respective cup where its counterpart was hidden . The test was conducted in three stages of increasin g difficulty with five, seven, and ten hidden items. The number of incorrectly assigned objects was counted . This test has already been used to test memory functions of traum atized children and proved to be sensi tive for PTSD-related memory disturbances ( Manual volumetry of the hippocampus. The volume of the hippocampus was determined manu ally by a rater exten sively trained in hippoca mpal anatomy, who was blind to all clinical and demographic information. Gray matter voxels belonging to the hippocampus were labeled on TI-weighted images in all three dimensions with MRIcron software (www. mricro/mricron). following standardi zed guidelines (Pruessner et a!. , 2000) . As we aimed to include ex clusively gray matter voxels. alveus, fimbri a, and the dentate (i ssure were omitted. Eight su bj ects were assessed twi cc by the main rater and by an independent second rater. Intraclass correlation coefficien ts (ICC) were calcul ated. Intrarater ICCs were .96 for the left and .97 for the right hippoca mpus. Interrater ICCs were .83 for the left and .9 1 for the ri ght hippocamp us.
263
Volume determination of the insula. To detenni ne insul ar vo lumes, the corti cal reconstruction and volumetric segmentation procedure offered by FreeSurfer (http://surfer. nmr.mgh.harvard. edu/) was implemented. The technical detai ls of these procedures are described elsewhere Dale & Sereno, 1993; . Tn short, each sca n is registered into Talairach space, intensi ty corrected, and skullstripped (Segonne et aI., 2004) . Images are then segmen ted to identify the boundary between gray and white matter and to create a sUlface represen tation of the cortex Dale & Sereno, 1993; Fischl et aI., 1999) . Finally, the cortex is parcellated into units based on its gyral and sulcal structure, and volumes for each section are ca lcul ated. This method proved to be fa irly accurate with a medi an accuracy of 80% in the left and 79% in the right hemisphere . The in sul a was defin ed as the sum of the central sulcus of the in sula, the short and long gyrus of the insul a, and the anterior, inferior, and superior part of t he circul ar sulcus of the insu la.
MRS data acquisition and analysis. Single voxel 'H MR spectra (PRESS, T E = 135 ms, TR = 2000 ms, 256 averages, bandwidth = 1200 Hz, acquisition time = 853 ms) of bi lateral hippocampi and bilateral insulae were recorded subsequent to the high resolution T I-weighted scan. Voxels comprising the medial and posterior part of the hippocampus (voxel size = 2 x I x I cm 3 ) or the insula (voxel size = 3 x I x 1.5 cm 3 ) were individually positioned in the subjects' brains. Generally, manu al shimming was performed to improve magneti c field homogeneity set by the automatic shim routine. Additionally, water reference data with rad iofrequency pulses for water suppression switched off (TR = lO s, 4 averages) were acquired for eddy current correction and scaling of the metabolite concentrations to the internal water content. Spectra were analyzed using LCModel version 6.1.0 (www.s-provencher. com/pages/lcmodel. shtml). Spectra with full-width -half-maximum line widths larger than 10 Hz and qu an tifi cation results with a Cramer-Rao lower bound higher th an 12% were excluded from further analysis. Ten measurements (seven in the right and three in the left hippocampus) were discarded due to these reasons.
Water reference scans were corrected for (a) voxel volume fractions of gray matter, white matter, and cerebrospi nal fluid (CSF) extracted from SPM5-based ti ssue segmentation (Well come Department of Cognitive Neurol ogy, Institute of Neurology, London, UK), (b) tissue water content using standard values published by Ernst and colleagues (Ernst, Kreis, & Ross, 1993) , and (c) water relaxation times either published (Rooney et a I. , 2007; Stani sz et aI., 2005) or drawn from our lab data base. Similarly, relaxation times for NAA and creatine measured in the hippocampus and in pure white matter from our laboratory data base were used to correct metabolite concentrations. Metabolite concen trations are given in mmol per liter ti ssue.
To determin e the percentage of ti ssue within each MRS voxel (hat could un ambiguously be ideJ1lified as hippocampal (i ssue, the individual manu al segmentations of the hippocampus and the respective MRS voxels were coregistered. On average, 25 % (SD = 6.1) of the left hippocampal MRS voxel and 24.2% (SD = 5.9) of the ri ght hippocampal MRS voxel contained unambiguous hippocampal ti ss ue.
Statistical Analysis
Population characteristics. Population characteristics and clinical parameters were compared using analyses of vari ance (A NOVAs) and Kruskal-Walli s rank sum tests. For post hoc comparisons, pairwise t tests and pairwise Wilcoxon rank sum tests were used. All post hoc tests were corrected for multiple co mparisons according to Hommel (Hommel, 1989) . Cou nt data was analyzed using Fisher's exact tests.
Brain measures. Volumetric and spectroscopic measures were compared with linear mixed -effects models including hemisphere as within-subj ects factor (Pi nheiro & Bates, 2000). Volumetric analyses were adj usted for intracranial volume and age by including these variab les in the stati stical models as covariates of no interest. Spectroscopic analyses were adjusted for age as well as for the fraction of gray and white matter within the MRS voxel. If a signifi can t Hemisphere x Group interaction indicated a laterality effect, analyses were repeated separately for each hemisphere. Associations between clinical parameters/memory performance and brain measures were initially explored using Pearson's product-moment correl ations. If' a significant association was revealed, the variable was included in the primary linear model. A variab le was interpreted as being influential if thi s model was favored by a corresponding likelihood ratio test. In an attempt to identify a potential influence of depress ion symptoms on our results, we initially included this variable in our stati st ical models-however, as no significant influence of depression symptoms has been revealed, this parameter was exc luded from the fin al models.
MP test. Group differences in general memory performance were investigated with a linear mixed-effects model including the stages of the MP test as within-subjects factor. To clarify at which level and between which groups the number of errors differed, post hoc tests, corrected for multiple comparisons, were calcul ated for each stage of the MP test.
All analyses were conducted using the statistical program R (R Development Core Team, 2007; version 2.7. 1) with the addi tional package NLME (Pinheiro, model with the NAA concentration was favored by the li kelihood ratio test, .i(4) = 6 .5 8, p = .04, the model with the NAA/creatine ratio was rejected, .i(4) = 2.89, p = .23. As on ly a minority of subjects reported adverse childhood experiences, variance of the CTQ might have been distorted. Thus, a subgroup of participants (independent of diagnostic group) was formed that actually had experienced adverse childhood events (all subjects scoring higher than or equal to three ("sometimes true") in at least two items of the CTQ, /l = 16, ten PTSD patients, four traumatized controls, two nontraumatized controls, M = 47.88, SD = 7.16). Analyses were repeated for this sUbpopulation : again, the CTQ was strongly associated with the NAA level, t(43) = -3.54, p = .004, and the NAAI creatine ratio, I( 12) = -3.55, p = .004-the higher the CTQ score, the lower the metabolite level in the left hippocampus (see Figure 3 for a graph ic depiction of the association between the CTQ and NAA levels in thi s subsample of subjects As only a minority of subjects reported adverse childhood experiences, a subgroup of participants was formed that ac tually had experienced adverse childhood events. The CTQ was strongly associated with left hippocampal NAA and the NAAlcreatine ratio in this sample-the higher the CTQ score, the lower the metabolite level in the left hippocampus. CTQ = Childhood Trauma Questionnaire; NAA = N-acetyl-aspartate.
generally poorer performance of PTSD subjects in a test of spatial memory indicated functional impairments that may be attributed to the hippoca mpus. However, no group di fferences were revea led in volumes or NAA concentrations of bilateral hippocampu s an d in sul a, even though an association between left hippocampal NAA and adverse childhood experiences (irrespective of PTSD diagnosis) indicated a detrimental effect of these events on hippocampal integrity. The potential role of the insul a in the pathophysiology of Figu re 4. Graphic depiction of group differences in different levels of the MP test. Depicted are mean nu mber of errors and standard errors. Groups significantl y differed in the overall performance in the MP test, with PTSD patients showi ng a poorer performance than both control groups. After correction for mult iple compari sons, groups differed (at least as a trend ) at testing wi th seven and ten items. Preci se statistic parameters lire presented wi thin the main text. PTSD = posttraumatic stress disorder; " = indicating a trend for a group difference after correction for multiple comparisons PTSD has just recently been highlighted (Liberzon & Martis, 2006) . Strong support for thi s notion came from a plethora of neuroimaging studi es documenting altered insular activity in PTSD (Etkin & Wager, 2007; Kolassa et aI. , 2007; Liberzon & Marti s, 2006) . However, as no evi dence for insu lar atrophies was revealed in our sample, these fun ctiona l impairments might not be accompanied by corresponding macroscopic structural alterations. Accordingly, subseq uent di scussion will focus on hippoca mpu s data. There might be several reasons why we did not reveal structural alterations in the hippocampus of thi s specifi c sample of highly traumatized PTSD patients.
Comorbid Alcohol Abuse
The hippocampus is one of the core structures within the neurobiological model of PTSD (Elbert & Schauer, 2002; Schauer et aI. , 2011) , and reports of alterations in this part of the brain are numerous (Bonne et aI. , 2008; Bremner et aI., 2003; Geu ze, Vermetten, & Bremner, 2005b; Gi lbertson et aI. , 2002; Gurvits et aI. , 1996; Lindauer et aI. , 2004; Mohanakrishnan Menon et aI. , 2003; Schuff et aI. , 2001 Schuff et aI. , , 2008 Shin et aI. , 2004; Vythil ingam et aI., 2005) . Accordingly, meta-analyses concluded that PTSD patients indeed show reduced hippocampal volumes (Karl et aI. , 2006) and neurometabolite levels (Karl & Werner, 2009 ). However, there have been concerns that the parti cul arly hi gh incidence of comorbid alcohol and/or substance abu se might have distorted previou s co nclusions (Woodward et aI. , 2006) . Most studies reportin g reduced hippocampal vo lumes (Bremner et aI., 2003; Gi lbertson et aI. , 2002; Gurvits et aI., 1996; Schmahl el aI. , 2009 ; Vylhilingam et aI. , 2005) or NAA levels (Freeman et aI. , 1998 (Freeman et aI. , 2006) . The additional diagnos is of PTSD, furthermore, did not add to the effects of alcohol consumption on the hippocampal tissue of alcoholi c women (Agartz et aI. , 1999). We explicitly chose a study sample without a hi story of alcohol/ substance abu se and can thus rule out potential atrophic processes due to repeated alcohol intox icati on secondary to PTS D. However, the symptom severity of our subjects was co mparable to studies in which PTS D-related hippocampal atrophies were reported (Bonne et aI. , 2008; ' Gilbertson et aI. , 2002; Gurvits et aI. , 1996; Shin et aI. , 2004; Woodward et aI. , 2006) , irrespective of the occurrence of comorbid alcohol abu se within those popul ations (Gilbertso n et aI. , 2002; Gurvits et aI. , 1996 ; Woodward et aI., 2006) . This prec ludes the possibility that a generally lower symptom load in our sa mple might have entailed both a lower rate of psychiatri c comorbidities and a lack of brain structural alterati ons. Accordingly, our findin g of no PTSD-related di fferences in hippocampal volu mes or NA A levels might be interpreted as support for the notion that at least part of the hippoca mpal alterations reported in the literature could be associated with comorbid alcohol and/or substance abu se.
Adverse Childhood Experiences
Biological mechani sms of brain maturation could be another fac tor that interacts with the negative effects of traumatic stress on brain structures. Stressful experi ences in sensitive developmental stages were suggested to shape the brain to adapt the individual fo r the prospect of high levels of lifelong stress (Teicher et aI. , 2003) . Indeed, survivors of childhood sexual abuse showed hippoca mpal volume reductions only if these adverse experiences took place during di scernible developmental phases (Andersen et aI. , 2008) . These potential consequences of adverse childhood experiences do not depend on their extreme form s (severe physical or sexual abu se), as the ex peri ence of parental verbal aggression (Teicher et aI., 2003) and neglect (S ar, Tutkun, Alyanak, Bakim, & Baral, 2000) have been associated with a higher incidence of psychi atri c symptoms and even with structural brain alterations (Choi, Jeong, Rohan , Polcari , & Teicher, 2009) as well. A large number of studi es reporti ng PTSD-related alterations in the hippocampus investigated survi vors of childhood abu se (Bremner et aI. , 2003; Schmahl et aI. , 2009) or war veterans (Freeman et aI. , 1998; Gilbertson et aI. , 2002; Gurvits et aI. , 1996; Mohanakrishn an Menon et aI. , 2003; Schuff et aI. , 2001 Schuff et aI. , , 2008 Vyt hilingam et aI. , 2005) . In the latter population, a high occurrence of famili al instabil ity, neglect, or physical/sexual abuse and its influence on later development of PTSD has repeatedly been reported (Gahm , Lucenko, Retzlaff, & Fukuda, 2007 ; Zaid i & Foy, 1994) . Thus, the occurrence of hippocampal alterations in these popUlations might, at least partly, be attributable to a relative ly high load of adverse childhood experiences. In lin e with this noti on, our populati on, in which the incidence of detrimental events during childhood was genera ll y rather low, showed no group differences in hippocampal volumes or neurometabolites. Moreover, the only psychological meas ure that showed an associatio n with hippocampal measures was the CTQ-indicating that negative childhood experi ences mi ght indeed have a negative effect on hippocampal integrity. T he occurrence of these events (traumatic and/or nontraumati c) might thus be crucial for the mani fes tation of hippocampal atrophi es and/or render the individu al vulnerable for the bi ologica l and psychological consequences of later traumatic stress.
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Memory Test
Even though no macroscopi cally detectabl e reducti ons in the volume or NA A levels in the hippoca mpu s were reveal e d, PTSD patients indeed showed a poorer performance in the MP test-a test that has already been shown to be sensi tive fo r PTSD-related memory impairments (Elbert et aI. , 2009) . PTSD has frequen tly been linked to spec ific cogniti ve abnormalit ies (McNally, 2006) . and an impairment of hippocampal functioni ng has been reported independently of structural brain atrophies (Bremner et a I. , 2003 ; Golier et aI. , 2005) . However, even though an assoc iati on between PTSD and impaired verbal abilities is well doc umented (Johnsen & Asbjorn sen, 2008) , it has recently been questi oned that declarative memory functions should inevitably be di sturbed in PTSD patients (Woodward et aI. , 2009) . The MP test relies on the memori zation of the pl aces of objects, a fun ction tha t has (at least in the animal) been linked to the hippoca mpus (Rolls, Xiang, & Franco, 2005 ) . T he PTSD patients of our sample were indeed impaired in thi s test, and their performance seeme d re lated to reduced NAA levels of the left hippocampu s. These results indicate that PTSD patients show memory defi cits (th a t mi ght , however, be very specific) and suggest these di sturbances may be linked to hippocampal functions. However, it has to be co nsidered in thi s context that the MP test is not psychometrically characterized so far, and that its results should thu s be interpre ted with caution.
Methodological Aspects
In particul ar for our spectroscopic results, the di screl?ancy between thi s study and reports of PTSD-related reduc tions in neurometabolite concentrations (Freeman et aI. , 1998; Mohanakrishnan Menon et aI. , 2003; Schu ff et aI. , 200 I , 2008) might as well rely on methodological di fferences between the studies. Previous single-voxel spectroscopy investigations used rather large voxel sizes (ranging f rom 4 cm 3 (Freeman et aI. , 2006) to more than 9 cm 3 (Freeman et aI. , 1998 ; Mohanakri shnan Menon et aI., 2003» , or cubic voxels (Mohanakri shn an Menon et aI. , 2003) , whi ch might, however, not be well sui ted to the e longated anatomy of the hippocampus. Accordingly, these analyses might have been parti cularly susceptible for parti al volume effects. Our voxels were substanti ally smaller. Still, the frac tion of hippocampal gray matter within these voxels was relatively low. Reports of reduced metabolite concentrations in larger voxels (Freeman et aI. , 1998; Mohanakrishnan Menon et aI. , 2003) might thu s be attributabl e to general alterations in the medi al temporal lobe rather than being speci fi c to the hippocampll s. Furthermore, the MRS voxels were positioned in the anterior part of the hippocampu s in most previoll s investigations (Freeman et aI. , 1998; Mohanakri shnan Menon et aI. , 2003) . According to our experi ence, thi s region, however, cannot be shimmed with consistently high qu ality due to hi gh interindividual anatomi c di fferences. T hus, our decision to place the voxel in the more medi al part of the hippocampu s further enhanced the qu ali ty or spectra. Finall y, MRS quantifi cati on results are not only bi ased by the line width of and the signal-to-noise ratio within the spectra, but also by the quanti ficati on approach itself (Kanowski. 
Limitations
Some methodological issues should be considered when interpreting the present results. Comparable to previous studies (e.g., Woodward et aI., 2009 ), 75% of our PTSD patients suffered from comorbid depression. Including depression as covariate of no interest did not alter our results, Moreover, it has generally been suggested that major depression and PTSD symptoms might emerge simultaneously within the posttraumatic psychopathology (Kasai et aI., 2008; O'Donnell et aI. , 2004) . A division between these conditions would thus be artificial and might not adequately reflect the clinical reality in chron ic PTSD (Miller & Chapman, 200 I) . However, as we did not include a "depression-only" group , we cannot fully distinguish between the effects of these psychiatric conditions on our results. The high comorbidity with major depression should thus be kept in mind, and conclusions about the PTSD-specificity of our results shou ld be drawn with caution. Another population-speci fic concern is intrinsically linked to the choice of o ur sample. Even though the investigation of a refugee population enabled us to circumvent many methodological confounds that have been discu ssed in PTSD-related brain research (e.g., high comorbid alcohol consumption , heterogeneo us trauma history), thi s sample substantially differed from previous samples in cultural background. Thus, we cannot explicitly preclude that some unidentified cultural resilience factors (e.g., perceived social support, religious background) might have influenced our results.
Another line of concern affects methodological issues. As previou s MRS investigations faced substantial problems regarding partial volume effects (Freeman et aI., 1998 (Freeman et aI., , 2006 , we have deliberately chosen relatively small voxel sizes. Howeve r, as mentioned above, just a small fraction of gray matter within our voxels could unambiguously be identified as hippocampal gray matter. The spectroscopic signal arising from this fraction cou ld accordingly not have been strong enough to reveal hippocampal atrophy, even if it would have been present. However, we tried to account for this issue by including the fraction of hippocampal ti ssue within the voxels as a covariate in our statistical models. This procedure did not alter the results . We specifically tail ored our MRS protocol to circumvent some methodological problems (e.g., voxel sizes and location, metabolite quantification) of previous MRS studies in PTSD patients. Even though this procedure militates in favor of the quality of our MRS spectra, it might have been at the expense of the comparability of our work with previous studi es, and corresponding compari sons should be drawn with caution. However, general support for the validity of our hippocampal NAA sig nals might come from our correlational analyses-we replicated previous reports of an association between negative childhood experiences a nd hippoca mpal atrophy (Andersen et aI., 2008) , as well as medial te mporal lobe NAA levels and memory performance (Gimenez et aI., 2004) , what militates in favor of the general valid ity of the hippocampal NAA levels detected in our subjects. Finally, even though our sample sizes (20 PTSD patients vs . 16 traumatized controls vs. II nontraumatized controls) ' were comparable to or even hi g her th an sa mple sizes in studies that indeed reported PTSD-related hippocampal atrophies (e.g., Bremner et aI. , 2003; Gurvits et aI., 1996; Lindauer et aI., 2004; Schmahl et aI., 2009; Shin et aI., 2004) , groups were still rather small for the stati stical approaches chosen. Accordingly, we cannot excl ude the possibility that the lack of group differences in the analyzed brain areas might be due to low statistical power.
Conclusions and Future Perspectives
The present results may add to some existi ng evidence that the experi ence of traumatic stress and/or the development of PTSD symptoms are not necessarily tied to pronounced hippocampal atrophy. Rather, PTSD-related alterations in this structure might in some cases be a consequence of early adversity or result from other factors, such as the extensive use of psychoactive drugs, including alcohol. Moreover, it has to be emphasized that disturbed brain functions are not inevitably attended by corresponding macroscopic structural alterations but can. as our in su la findings suggest. certainly occur without them. By investigating the in su la and the hippocampus of highly traumatized refugees, we deliberately chose core regions in the neurobiological model ofPTSD. Prev iou s work in the same sample, furthermore, showed that PTSD-related structural alterations were present in frontal brain region s as well (Eckart et aI., 20 II) . Accordingly, the neuronal network implicated in PTSD seems to be widespread, and symptom development might be the result of a complex interplay between functional a nd structural disturbances within this network. Future research should be particularly concerned with the identification and understanding of brain regions that are involved in the emergence of the di sease. In doing so, the contribution of other structures (e.g., the anterior cingulate cortex; Ham et aI., 2007; Kasai et aI., 2008; Liberzon & Martis, 2006 ) that proved to be implicated in PTSD shou ld be given special attention.
